Rationale-Churg-Strauss syndrome (CSS) and hypereosinophilic syndrome (HES) overlap considerably in clinical presentation. A reliable means of distinguishing between these groups of patients is needed, especially in the setting of glucocorticoid therapy.
Introduction
Churg-Strauss syndrome (CSS) and hypereosinophilic syndrome (HES) are rare eosinophilic disorders that overlap considerably in clinical presentation. Corticosteroids are considered first-line therapy for both disorders; however, corticosteroid dosing, recommended steroidsparing agents, disease course and prognosis can be quite different. Accurate diagnosis is therefore important.
CSS is characterized by the development of clinical manifestations of eosinophilic vasculitis in an eosinophilic patient with long-standing asthma and sinusitis. However, definitive diagnosis of CSS relies on the demonstration of vasculitis in tissue. In practice, this is often difficult since many patients present on chronic corticosteroid therapy for asthma control, and affected tissues may not be easily accessible for biopsy. HES is defined by unexplained blood eosinophilia >1500/μL on two separate occasions at least one month apart and evidence of end-organ involvement attributed to eosinophilia (1) . Since asthma and sinusitis are common in the general population, distinction between CSS and HES with asthma and/ or sinusitis can be extraordinarily difficult in the absence of clear pathologic evidence of vasculitis. Although perinuclear anti-neutrophil antibodies (p-ANCA) are associated preferentially with CSS, these are absent in up to 40-60% of patients with biopsy-proven CSS (2, 3) The American College of Rheumatology (ACR) criteria for CSS were developed to distinguish CSS from other forms of vasculitis for inclusion of subjects in research studies and are based on the following clinicopathologic findings: 1) asthma with a history of wheezing or diffuse high-pitched expiratory rhonchi, 2) eosinophilia >10% on differential white blood cell count, 3) mono-or polyneuropathy, 4) migratory or transitory pulmonary infiltrates, 5) paranasal sinus abnormality with a history of acute or chronic paranasal sinus pain, or radiographic opacification of the paranasal sinuses, and 6) extravascular eosinophils noted on a biopsy that includes an artery, arteriole or venule(4). In the setting of documented vasculitis, the presence of 4 or more ACR criteria had a sensitivity of 95% and specificity of 99.2% for CSS(4).
The ACR criteria are often used to support a clinical diagnosis of CSS in individual patients; however, the utility of this approach has not been validated. Clearly, alternative means of distinguishing between patients with HES and CSS are needed, especially in the setting of glucocorticoid therapy. Various studies have assessed the utility of biomarkers to distinguish between quiescent and active CSS (5) (6) (7) (8) , however, few have investigated biomarkers to distinguish between CSS and HES. In the present study, clinical manifestations, routine laboratory parameters and serum biomarkers previously associated with CSS were examined in subjects with biopsy-proven CSS, probable CSS, HES with sinusitis or asthma and HES without sinusitis or asthma in order to assess their potential utility in the diagnosis of CSS.
Methods

Study Subjects
Medical records were reviewed retrospectively from all subjects evaluated at the NIH between June 9 th , 1999 and June 14 th , 2010 on an NIAID IRB-approved protocol to study eosinophilia (NCT00001406). Informed consent was obtained from all subjects. Of the 276 adult subjects with 10% eosinophilia and absolute eosinophil count (AEC) >1500/μL, 106 had a documented cause of eosinophilia (i.e. drug hypersensitivity, helminth infection, myeloproliferative neoplasm) and were excluded from further study (Figure 1 ). ACR criteria were assessed in the remaining 170 subjects. Subjects for whom clinical data was lacking (n=31), with uncertain asthma and/or sinus disease status (n=39) or who had asthma and/or sinusitis with migratory infiltrates, neuropathy or perivascular eosinophils on biopsy, but who did not meet ≥4 ACR criteria (n=33) were excluded. The remaining subjects were classified into 4 study groups: biopsy-proven vasculitis defined by the presence of two of the following criteria: 1) eosinophils surrounding or infiltrating a blood vessel, 2) granulomas in or around a vessel, and 3) disruption of the elastica as assessed by immunohistochemistry (definite CSS; n=8), ≥4 ACR criteria without biopsy-proven vasculitis (probable CSS; n=21), eosinophilia with asthma and/or sinusitis but no other CSS-defining features (HESwAS; n=20), and eosinophilia without asthma or sinusitis (HES; n=18). Normal blood bank donors were used as controls for laboratory studies (n=8).
Clinical and Serologic Assessments
A standardized set of clinical data was collected for all subjects from the medical record (Supplement A). Clinical data presented reflects information obtained throughout the course of disease until the time of record review. When possible, missing records, such as CT scans, were obtained by calling subjects. However, information obtained via means of telephone was only used if objective evidence was obtained (e.g. CT scans showing polyps). Equivalent prednisone dosage was calculated for subjects being treated with other corticosteroid preparations.
Serum samples were collected prospectively from all subjects at each protocol visit and stored at −80°C. The earliest available serum sample was used for analysis. Serum levels of 
Statistical Methods
Fisher's exact test and Mann-Whitney U test were used to compare prevalence and group means, respectively. Cytokine values are expressed as geometric means (GM) with 95% CI, and associations between groups assessed using a 1 way ANOVA (Kruskall Wallis test) with Dunn's correction for multiple comparisons. Correlations of biomarkers with eosinophil counts were performed using Spearman Rank sum.
Results
Diagnostic classification of subjects
Among the 29 subjects who met ACR criteria for CSS, only 8 had biopsy-proven vasculitis (definite CSS). Of the remaining 21 subjects, 6 had no tissue biopsies performed. Fourteen subjects underwent biopsy of at least one organ other than skin (lung (n=9), nerve (n=3) cardiac (n=2), gastrointestinal (n=2), salivary gland (n=1) and gallbladder (n=1)). Although no vasculitis was demonstrated in any of the tissues, lung biopsies in 2 subjects showed perivascular eosinophils. Ten subjects were known to be taking corticosteroids at the time of the biopsy.
Clinical and demographic characteristics
Age and gender were similar between the subjects with definite CSS, probable CSS or HES. Forty subjects (60%) were taking corticosteroids at the time of initial evaluation: 6/8 (75%) subjects with CSS, 13/21 (60%) subjects with probable CSS, 11/20 (55%) subjects with HESwAS and 10/18 (56%) subjects with HES. None of the normal volunteers were on steroid therapy. Median maintenance corticosteroid doses were low (≤10 mg daily) in all 4 groups, but were increased in the probable and definite CSS groups (10mg daily in both groups) compared to the two HES groups (2.5mg and 2.8mg daily; p=0.04, Mann-Whitney U test) ( Table 1) . Asthma was present in all of the subjects with definite or probable CSS and in 13 (65%) of the subjects with HESwAS. Sinusitis (diagnosed clinically or by CT scans) was present in all but one subject with definite CSS (n=7; 87.5%), as well as in most subjects with probable CSS (n=16; 76.2%), and half of the subjects with HESwAS (n=10; 50%). All subjects with biopsy-proven CSS met the ACR criteria, and none of the subjects in any of the groups were ANCA-positive at any time during their clinical course.
Although there were no significant differences between subjects with definite or probable CSS with respect to migratory infiltrates or neuropathy, these CSS-defining manifestations were significantly less common in the subjects with HES. Subjects with HESwAS were not included in this analysis because, by definition, they could not have additional manifestations of CSS. Migratory infiltrates were noted in 3 subjects (37%) with definite CSS and 14 subjects (66%) with probable CSS, but no subjects (0%) with HES (p<0.001 compared to definite and probable CSS, Fisher's exact test). Similarly, neuropathy was diagnosed in 62.5% (5/8) of subjects with CSS and 57.1% (12/21) subjects with probable CSS, but only 22% (4/18) of subjects with HES (p=0.012, Fisher's exact test). Neuropathy was confirmed by NCV/EMG in 3 cases. Nerve biopsy was performed on two subjects, both taking corticosteroids, and showed no evidence of vasculitis.
In general, the pattern of organ involvement was similar between subjects with definite CSS, probable CSS and HESwAS with the exception of cardiac involvement, which was seen exclusively in the CSS groups (Figure 2 ). Clinical manifestations in subjects with HES were predominantly dermatologic and gastrointestinal, including eosinophilic hepatitis.
There was no significant difference in atopic status between any of the groups studied (Figure 3 ), including the normal group. However, polyps were present in significantly higher numbers in the definite and the probable CSS groups (n=13) as compared to the subjects with HES (n=2; p=0.0004, Fisher's Exact Test).
Blood and Serum Results
Routine laboratory parameters, including inflammatory markers (CRP, ESR), duration of eosinophilia and peak eosinophil count, were similar between the various groups ( Table 1) . Serum samples were available for 64/67 eosinophilic subjects and all normal controls. Two subjects with probable CSS and one subject with HES did not have serum samples available for analysis and were included in the clinical, but not the serological assessment.
Serum IL-8 and eotaxin-1 levels were significantly increased in all eosinophilic subjects as compared to normal controls (Figure 4a,b) . Serum IL-5 was elevated in some, but not all, subjects with eosinophilia and in none of the normal subjects (Figure 4c ). Serum levels of inflammatory cytokines, including IL-6, were not increased in subjects with probable or definite CSS compared with normal subjects, consistent with the lack of a difference in CRP and ESR levels between the groups (Figure 4d , Table 1 ). Serum levels of sIL-2R, a previously described marker of CSS, were elevated in eosinophilic subjects of all groups compared to normals and were correlated with AEC (R=0.48; p<0001). Serum sIL-2R levels were significantly elevated in subjects with HES (GM 110.5pg/mL [43. 9- (Figure 4f ). This was true even when levels were adjusted for AEC (Supplement B). GM IL-10 levels were elevated in eosinophilic subjects without asthma or sinusitis (38.48pg/mL [29. 6- Detectable levels of GM-CSF, IL-12, IL-13 and IL-17 were similar between the groups (data not shown). There were no differences between the CSS, probable CSS, HESwAS, and HES groups for any of the circulating endothelial markers or adhesion molecules evaluated (Supplement C).
Discussion
Differentiating between CSS and HES is remarkably difficult at the individual patient level due to the overlap in clinical manifestations between the two disorders and the fact that many patients present on glucocorticoid therapy, which can mask underlying vasculitis. The subjects in our series were all ANCA-negative and none had renal manifestations, likely reflecting the fact that subjects are referred to our center for eosinophilic disorders, including eosinophilic vasculitis, rather than for vasculitis itself. It is these ANCA-negative patients with eosinophilia that are most difficult to classify.
The primary aim of our study was to identify biomarkers to distinguish patients with eosinophilia and vasculitis (CSS) from those with eosinophilia >1500/μL, features of CSS (asthma and/or sinusitis), but no evidence of vasculitis (HESwAS). To this end, we selected groups across the clinical spectrum, ranging from biopsy-proven CSS (definite CSS) to PDGFR-negative HES without features of CSS (HES). No clinical differences were identified between subjects with definite or probable CSS. In contrast, migratory infiltrates, cardiac and neurologic complications were seen exclusively in subjects in these two groups as compared to those with HES without asthma or sinusitis. Although subjects with HESwAS were excluded from this analysis because they could not, by definition, have migratory infiltrates or neurologic complications (ACR criteria), subjects with HES who met 3 ACR criteria (n=33) showed an intermediate clinical phenotype with migratory infiltrates, cardiac and neurologic manifestations in 15%, 12% and 18% of subjects, respectively (data not shown). This is consistent with reports in the literature, which describe cardiac and neurologic manifestations in 10-12% and 8-21%, respectively, of patients with PDGFRnegative HES (9, 10) Nasal polyps were also more common in the definite and probable CSS groups, but were present in some subjects with HESwAS. Thus, although our data suggest a higher prevalence of migratory infiltrates, cardiac and neurologic manifestations and nasal polyps in subjects with CSS as compared to those with HES, the pattern of organ involvement is not very useful for diagnosis at the individual patient level.
Multiple studies have confirmed the specificity and sensitivity of the Phadiatop assay in distinguishing between atopic and non-atopic individuals (11, 12) . Despite the increased prevalence of sinusitis, polyps and asthma in the subjects with CSS, Phadiotop positivity was comparable between the subjects with probable or definite CSS and those with HES.
A number of serum biomarkers, including serum levels of cytokines, cytokine receptors and chemokines, have been proposed as markers of active CSS (5, 7, (13) (14) (15) . Elevated levels of some of these, including IL-10, and sIL2R, have also been reported in patients with CSS in remission (16, 17) . Although many of these same biomarkers have also been reported to be elevated in idiopathic HES (18, 19) , their utility in distinguishing between CSS and HES has not been systematically explored. Among the serum biomarkers examined in the present study, none were useful in differentiating between subjects with CSS (definite or probable) and HESwAS. Serum levels of IL-8 and IL-5, cytokines that can be produced by a variety of cell types, including eosinophils themselves, were increased in eosinophilic subjects compared to normal controls, but did not distinguish between the eosinophilic subgroups. Similarly, serum levels of TARC/CCL17, a chemokine released by mononuclear cells and dendritic cells (20) and reported to be elevated in patients with active CSS disease(5) and lymphocytic variant HES (21) , were increased in all eosinophilic groups as compared to the normal subjects and correlated positively with absolute eosinophil count. Of note, corticosteroids did not appear to impact the ability to detect elevated TARC/CCL17 in serum.
Several serum biomarkers appeared to distinguish eosinophilic subjects with asthma and/or sinusitis (definite CSS, probable CSS and HESwAS) from those without evidence of asthma and/or sinusitis (HES). Eotaxin-1 levels were increased in subjects with asthma and/or sinusitis compared with HESwAS and normal controls. There is little data on serum eotaxin-1 levels in sinusitis; however, lower serum levels in subjects with asthma have been associated with better asthma control (22, 23) . In contrast, levels of IL-10 and sIL-2R were decreased in subjects with evidence of asthma and/or sinusitis. Although prior studies have demonstrated elevated serum IL-10 levels in patients with CSS (either active or in remission) (17) as well as increased CD4+CD25+ IL-10 producing T cells in patients with CSS in remission(24) compared to normal controls, elevated serum IL-10 was not observed in subjects with definite or probable CSS in our study. More importantly, serum IL-10 levels in the subjects with definite or probable CSS were similar to levels in subjects with HESwAS, precluding the use of serum IL-10 levels as a biomarker of CSS. The significantly increased serum IL-10 levels in the HES group without asthma or sinusitis is puzzling and suggests a negative association between serum IL-10 and asthma and/or sinusitis in subjects with eosinophilia. A similar pattern was seen with sIL-2R, a marker of endothelial damage and T cell activation, with elevated levels in all of the eosinophilic groups and significantly increased levels in subjects with HES without asthma or sinusitis.
In summary, there is significant clinical overlap between ANCA-negative CSS and PDGFRnegative HES. Although serum levels of eotaxin-1, IL-10 and sIL-2R may be useful in distinguishing between eosinophilic patients with and without asthma and/or sinusitis, none of the biomarkers studied were preferentially detected in subjects with definite or probable CSS as compared to those with HESwAS. Whether HES with asthma and sinusitis and ANCA-negative CSS share a common pathogenesis accounting for the similarity in biomarker profiles remains to be elucidated. End organ manifestations demonstrated prior to evaluation at our institution and over the duration of follow-up. The bars represent the percentage of subjects in each group with involvement of the indicated organ system. Abbreviations: CSS-Churg Strauss Syndrome, GI-Gastrointestinal, HES-Hypereosinophilic syndrome, HESwAS-Hypereosinophilic syndrome with asthma and/or sinusitis. Serum cytokine values. Serum evaluation of (A) IL-8 (B) Eotaxin-1, (C) IL-5, (D) IL-6, (E) IL-10 and (F) sIL-2 levels in groups with probable CSS, definite biopsy proven CSS, HES with asthma and/or sinusitis, HES without asthma or sinusitis and normal subjects. * p<0.05 by 1 way ANOVA. Horizontal line denotes mean minimal detectable levels. Mean minimal detectable values are as follows: IL-8 (0.3pg/mL), IL-6 (0.4pg/mL), Eotaxin-1 (2.1pg/mL), IL-10 (0.3pg/mL), IL-5 (0.1pg/mL), and sIL-2R (7.5pg/mL). Abbreviations: CSS-Churg Strauss Syndrome, HESwAS-Hypereosinophilic syndrome with asthma and/or sinusitis, HES-Hypereosinophilic syndrome. CCL17/TARC levels. (A) TARC/CCL17 levels by group, and (B) Lack of correlation of TARC/CCL17 levels with equivalent prednisone dose for treated subjects, and (C) positive correlation of TARC/CCL17 with absolute eosinophil count. *p<0.05 by 1 way ANOVA. Horizontal line denotes minimal detectable level of TARC/CCL17 (7.8pg/mL). Abbreviations: CSS-Churg Strauss Syndrome, HESwAS-Hypereosinophilic syndrome with asthma and/or sinusitis, HES-Hypereosinophilic syndrome. Table 1 Demographic and laboratory characteristics of subjects 
